Triazines, A ntim icrobial activities T reatm ent each of 3-m ercapto-1,2,4-triazine derivatives (la) and (2b) w ith alkyl (or aryl) halides afforded th e corresponding 3-alkyl(or ary l)m ercap to -l,2,4-triazine d eriv atives (lb-e) and (2b-e) respectively. T reatm ent each of com pounds (lb-e) an d (2b-e) w ith different am ines effected th e form ation of th e corresponding 3-substituted-am ino-1,2,4-triazine derivatives (lg-k) an d (2g-k). The 4,5-dihydro-derivatives (3a, c, d) were obtained by reduction of th e corresponding triazines (la, f, g) w ith different reducing agents. The stru ctu re of com pound 3 d was confirmed via synthesis th ro u g h an o th er route. The triazine (If) reacted w ith G rignard reagents to give th e corresponding S-alkyl(benzyl)-4,5-dihydro-1,2,4-triazine derivatives (4a-c). The antagonistic properties of th e triazines (la-k) an d (2a-k) were tested against some Gram positive and Gram n egative b acteria as well as th e fungus Candida albicans.
Much attention has been directed to the study of the chemistry of 1.2,4-triazines because of the pronounced biological activity of this class of compounds. In continuation of the work of one of the authors1-2, the action of alkylating agents, amines, reducing agents and Grignard reagents on some 1.2.4-triazine derivatives has been undertaken. Thus when 3-mercapto-5,6-di-£>-methoxyphenyl-1.2.4-triazine (la) and 3-mercapto-5-hydroxy-6-£>-m ethoxystyryl-1,2,4-triazine (2a) were treated with methyl iodide (or dimethyl sulfate), ethyl monobromoacetate, phenacyl chloride and 2,4-dinitrochlorobenzene in alkaline medium, the correspond ing 3-alkyl(aryl)mercapto-derivratives (lb-e) and (2b-e) were obtained respectively. The treatm ent of compound 1 a with ethereal diazomethane effect also S-methylation to give compound lb . R equ ests for reprints should be sent to Dr. A. K. M a n s o u r , C hem istry D epartm ent . F a cu lty o f Science, Cairo U n iversity, Giza. E gyp t. a) R = SH. b) R = SCH3, c) R = SCH2C 02Et, d) R = SCH2COC6H 5, e) R = S-2,4-(N02)2C6H 3, f) R = OH. g) R = NHC6H 5, h) R = NHC6H 4Cl-;p, i) R = NHC6HjOMe-p. j) R = morpholino, k) R = piperidino.
Hydrolysis of compound 1 b with hydrochloric acid gave 3-hydroxy-5.6-di-p-methoxyphenyl-1,2,4-triazine (If). On the other hand, acid hydrolysis of compound 2 c under the same experimental condi tions gave the semicarbazone of £>-methoxybenzylidenepyruvic acid. I t is believed th a t the latter acid is obtained from hydrolysis of the interm ediatly formed, but not isolated, 3,5-dihydroxy-6-p-methoxystyryl-1,2,4-triazine (2f). This was confirmed by cyclising the isolated semicarbazone derivative in alkaline medium to give the triazine 2f.
Treatm ent each of 3-methylmereapto-1,2,4-triazine-derivatives (lb) and (2b) with the amines namely, aniline, p-chloroaniline, ^-anisidine, morpholine and piperidine effected the formation of the corresponding 3-substituted-amino-5,6-di-^o-methoxyphenyl-1.2,4-triazines (lg -k ) and 3-substituted-am ino-5-hydroxy-6-^-m ethoxystyr\i-1,2,4-triazines (2g-k). In each case methyl m ercaptan evolved was identified as its 2,4-dinitrophenyl derivative. On the other hand, treatm ent each of the other alkyl(aryl)mercapto-derivatives (lc-e) and (2c-e) with aniline afforded the 3-phenylamino-1,2,4-triazines (lg) and (2g) respectively.
The reactivity of the C = N in position 4.5 in compound 1 has been illustrated by:
i) The ready reduction of compounds l a , f with lithium aluminium hydride, p-thiocresol and sodium borohydride to give 3-mercapto-6-di-p-methoxyphenyl-4,5-dihydro-1,2,4-triazine (3 a) and 3-hy dro xy -5,6 -di -p -methoxy phenyl-4,5 -dihydro -1,2,4-triazine (3 c) respectively. On the other hand, treatm ent of compound 1 g w ith lithium aluminium hydride afforded 3-phenylamino-5,6-di-p-methoxyphenyl-4,5-dihydro-1,2,4-triazine (3d). The struc ture of the latter compound 3d was confirmed by its synthesis via the interaction of 3-methylmercapto-5,6-di-p-methoxyphenyl-4,5-dihydro-1,2,4-triazine (3 b) with aniline. Compound 3 b was pre pared either by reduction of compound l b with lithium aluminium hydride or by treating com pound 3a with m ethyl iodide.
ii) Reaction of compound 1 f with Grignard reagents namely, w-propyl, n-butyl and benzylmagnesium halides to give the corresponding 3-hydroxy-5-alkyl(benzyl)-5,6-di-p-methoxyphenyl-4,5-dihydro-1,2,4-triazines (4a-c). The structure of the Grignard products finds support by the results previously obtained by M u s t a f a et a l. 3 and
The oxidation of the triazine (la) has, now, been undertaken. Thus when 1 a is treated with an alcoholic solution of ferric chloride, it is oxidised to the corresponding disulfide derivative, namely,
The antagonistic properties of compounds la -k and 2 a-k were tested against some Gram positive and Gram negative bacteria as well as the fungus Candida albicans. They showed different activities toward bacteria (Table II) . Compounds lb ,e and 2,d,e, k were found to be the most active com pounds. All compounds showed no activity when tested against the fungus C andida albicans.
Experimental
A ction of alkyl (or a ryl) halides on the triazines (la) and (2 a) A 0.005 mole of each of methyl iodide, ethyl monobromoacetate, phenacyl chloride or 2,4-dinitrochlorobenzene was added to a solution of the triazine (la) or (2a) (0.005 mole) in methanolic sodium methoxide (0.005 atom sodium and 100 ml methanol). Each mixture was refluxed (water-bath) for 30 min. I t was then, poured on ice-water and the product was collected and crystallised from ethanol to give the corresponding 3-alkyl(or aryl)-mercapto-derivatives (lb-c) and (2b-c) respec tively. (cf. Table I ). A ction of diazomethane on l a When the triazine (la ) (1 g) was treated with ethereal diazomethane (prepared from 7 g nitrosomethylurea) and then left overnight in the refrigrator, it gave the 3-methylmercapto-derivative (lb) in 95% yield, m.p. 152 °C. Mixed m .p. with an authentic sample5 showed no depression.
A ction of hydrochloric acid on the triazines (lc) and (2c)
When each solution of the triazines (lc) and (2 c) (0.5 g) dissolved in 15 ml ethanol containing concentrated hydrochloric acid (3 ml) was refluxed for 7 h, then cooled, diluted with water and the product was crystallised from ethanol; the triazine (lc) gave 3-hydroxy-5,6-di-j9-methoxyphenyl-1,2,4-triazine (0.25 g), m .p. and mixed m .p .6 262 °C and the triazine (2c) gave the semicarbazone of pmethoxybenzvlidene pyruvic acid (0.25 g), m.p. and mixed m .p. with an authentic sample7 183 °C. On refluxing the latter acid (0.25 g) in solution of sodium carbonate (10%, 30 ml) for 1 h followed by acidification, it gave 3,5-dihydroxy-6-^-methoxyphenylstyryl-l,2,4-triazine (0.15 g) m .p. and mixed m.p. 271 °C.
A ction of amines on 3-alkyl (a ry l ) -l , 2,4-triazine derivatives (lb) and (2b)
A mixture of each of the triazines (lb) and (2b) (0.5 g) and each of the amines namely, aniline, ^-chloroaniline, p-anisidine, morpholine and piperidine (2 g) was heated at 130-140 °C for 3 h. The reaction mixture was cooled, treated with ethanol (water in case of morpholine and piperidine), filtered and crystallised from the proper solvent (cf. Table I and II). The m ethylmercaptan evolved during the reaction was absorbed and identified as its 2,4-dinitrophenyl derivative, m .p. and mixed m .p .8 128 °C.
When each of the triazines (lc-e) and (2c-e) were similarly treated with aniline, they gave the corresponding 3-phenylamino-derivatives (lg) and (2 g) respectively.
A ction of lithium alum inium hydride on l a ,f Lithium aluminium hydride (0.3 g) was added in small portions to an ethereal suspension of each of the triazines (la,f) (1 g). The reaction mixture wras refluxed (water-bath) for 30 min and left over night at room temperature. It was then, cooled, decomposed with cold water and acidified with dilute hydrochloric acid. Ether wras separated and the product was crystallised from ethanol to give colorless crystals of 3-hydroxy(or mercapto)-5,6-di-^-methoxyphenyl-1,2,4-triazine with m .p. 210 °C and 166 °C which showed no depression when mixed with the corresponding authentic samples6-9 (yield ca. 90%).
A ction of p-thiocresol on the triazines (la,f)
Each of the triazines (la ,f) (1 g) was heated (170-180 °C) with £>-thiocresol (lg) for one and half hour. The reaction mixture wras then cooled, washed several times with hot petrol (60-80 °C) and filtered. The product obtained was crystallised from ethanol to give colorless crystals of the corre sponding 4,5-dihydro derivatives (3a,c) m .p. and mixed m .p. 166 and 210 °C respectively (yield ca. 70%).
A ction of sodium borohydride on the triazines (la ,f) Sodium borohydride (2 g) was added in small portions to methanolic suspention of each of the triazines (la .f) (1 g). The reaction mixture was refluxed (water-bath) for 30 min. I t wras then cooled, diluted with water and acidified with dilute hydrochloric acid. The precipitate obtained was filtered and crystallised from ethanol to give color less crystals of the corresponding 4,5-dihydroderivatives (3a,c) with m.p. and mixed m .p. 166 and 210 °C respectively. m ethoxide (10 ml m ethanol and 0.03 g sodium), and the m ixture was refluxed (w ater-bath) for 1 li l t was th en cooled and diluted w ith w ater and the product was crystallised from ethanol to give com pound 3b, m .p. 165 °C (yield 85% ) (cf. Table III) . ii) W hen com pound 1 b (1 g) was sim ilarly reduced w ith sodium borohydride as above, it gave com pound 3b, m .p . and m ixed m .p . 165 °C (yield 85%).
Reduction of 3-phenylamino-5,6-di-p-methoxyphenyl-1,2,4-triazine (lg )
W hen com pound l g (0.50 g) was sim ilarly reduced w ith lithium alum inium hydride (0.2 g) and tre a te d as above, it gave th e corresponding 4.5-dihydro-derivative (3d) (ethanol), m .p. 190 °C (yield ca. 80%).
Action of aniline on 3-methylmercapto-,5-6di-pmethoxyphenyl-4,5-dihydro-1,2,4-triazine (3 b)
A solution of com pound 3 b (1 g) in aniline (4 ml) was refluxed for 3 hr. I t was cooled, tre a te d w ith cold ethanol and th e p recipitate obtained was crystallised from ethanol to give colorless crystals of com pound 3d w ith m .p. and m ixed m .p. 190 °C (yield ca. 85%).
Action of alkyl(benzyl)m agnesium halides on 3-hydroxy-5,6-di-p-methoxyphenyl-1,2,4-triazine (1 f)
To each of th e G rignard solutions (prepared from 0.005 mole n-propyl iodine, w-butyl iodine or benzyl chloride, 0.005 mole m agnesium and 30 ml ether), the triazine (If) (0.001 mole) was added. The reaction m ixture was refluxed (w ater-bath) for 30 m in and th e n left overnight a t room tem perature. I t was th e n cooled, decom posed w ith aqueous am m onium chloride. E th e r was separated, dried and recovered. The residue was crystallised from ethanol to give th e corresponding 3-alkyl(or benzyl)-5.6-di-^-m ethoxyphenyl-4,5-dihydro-1,2,4-triaznes-(4a-c) (yield ca. 75%) (cf. Table III) .
Action of ferric chloride on 3-mercapto-5,6-di-pmethoxyphenyl-1,2,4-triazine (1 a)
An ethanolic m ixture of th e triazine (la ) (1 g) and ferric chloride (2 g) was refluxed (w ater-bath) for 30 min. I t was th en cooled and th e precipitate was filtered off and crystallised from benzene to give yellow crystals of bis-[5,6-di-^t>-methoxyphenyll^^-tria zin e J-S^'-d isu lfid e w ith m .p. 206 °C which showed no depression when m ixed w ith an authentic sam ple10 (yield 95%). 
